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FIELD OF THE INVENTION 

This invention relates to methods and devices of performing color analysis 
of gemstones. 

5 BACKGROUND OF THE INVENTION 

The visual appearance of a gemstone to the human eye under natural or 
daylight-approximating light may be a primaiy indicator of the quality of the 
gemstone. The latter is known to be assessed by a person's intensive visual 
comparison of the gemstone' s color and clarity with a reference set of master 

10 gemstones arranged along a grading scale. With diamonds, one of the most 
commonly used international grading standards is the Gemological Institute of 
America's (GIA) "D to Z" scale, which ranges from colorless- to- light yellow. This 
scale has been calibrated to GLVs set of "master color comparison diamonds" often 
referred to as 'the master stones", and has served as a historical standard with 

15 respect to the evaluation of a diamond's color. 

Various devices have been developed to automate the evaluation of a 
gemstone's color and clarity. For example, US 6,473,164 discloses a system for 
analyzing the color of a diamond comprising a daylight-approximating light source 
for illximinating the diamond, a light detector for detecting light emerging from the 

20 illuminated diamond, and an optical measurement device, such as a 
spectrophotometer, for measuring characteristics of the light detected by the 
detector. The system further comprises an optical analysis mechanism, such as a 
data processor, for comparing measurement data from the optical measurement 
device to a historical standard and/or for converting the measurement data into CIE 

26 color space. 
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SUMMARY OF THE INVENTION 

The present invention suggests a method of predicting a first color of a 
gemstone to be cut to have a first geometry, from an uncut gemstone having a 
second color and a second geometry including: 
5 (i) determining an absorption coefficient of the uncut gemstone' s material 
based on said second color and on said second geometry, using calculations relating 
to behavior of light in the uncut gemstone; and 

(ii) deducing said first color of the cut gemstone based on said first geometry 
and the absorption coefficient determined in step (i), using calculations relating to 

10 the behavior of light in said cut gemstone. 

The method in accordance with the present invention is directed to 
predicting the color that a gemstone of a chosen geometry will have if and when it 
is cut from another gemstone. The gemstone of the chosen geometry does not yet 
exist at the time of the color prediction, but is herein referred to as the 'cut 

15 gemstone', while the existing gemstone from which it may be cut and on which the 
prediction is based, is referred to herein as the 'uncut gemstone'. Thus, in the 
present description, 'cut' and 'uncut' are not necessarily indicative of the real state 
nor of previous or subsequent actions performed or to be performed on % either 
gemstone. 

20 In accordance with the present invention, the color prediction of the cut 

gemstone is based on a measured (e.g. mapped) geometry of the uncut gemstone on 

«» 

its measured color, on pre-determined geometry (map) which the cut gemstone is 
intended to have, defined in the same terms as the measured geometry of the uncut 
gemstone, and on calculations of light behavior in both gemstones based on their 
25 geometries* 

It is known that the color of an object, when it is illuminated by light, may 
be characterized by the object's transmittance of the light, which may be graphed as 
a function of wavelength comprised therein, such a graph being representative of 
the color of the object. The transmittance of the object may be measured by known 
30 spectral measurement devices (e.g. a colorimeter, a spectrophotometer). Likewise, it 
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is known to convert the transmittance, such as by use of a table or a processor with 
a suitable conversion algorithm, to the color of the object that it represents. 

Calculations relating to the. behavior of light in the uncut and cut 
gemstones in view of their geometries in the method of the present invention are 

5 preferably performed by using known physical principles defining reflection, 
refraction and absorption of light within a generally transparent body, and 
explanations are presented below as to how these principles are used in the method 
of the present invention. 

Reference is first made to Fig. 1, which shows a cross-section of an uncut 

10 gemstone UQ whose material has an index of refraction n^ The uncut gemstone 
UG is located within a surrounding medium having an index of refraction n 2 . In 
accordance with the laws of reflection and refraction of light passing between 
media with different refraction indices, a light ray L incident on one of the faces of 
the uncut gemstone UG with an angle of incidence Gi at boundary point p 0 thereof 

15 between the material and the surrounding medium, splits into a reflected 
component T 0 and a refracted component Rq. The component T 0 is reflected back 
into the surrounding medium at an angle equal to the angle of incidence 9^ while 
the component Ro enters the material at an angle 8 0 and propagates within the 
material until it impinges on the next boundary point p lf where Ro, in the same 

20 manner described above for L, splits into two components: a transmitted 
component Ti, which refracts as it exits the material, and a reflected component Ri, 
which is reflected back into the material with the same angle of incidence with 
which Ro impinged boundary point The reflected component Ri continues onto 
the next boundary point p 2 , where it splits similarly into transmitted and reflected 

25 components T 2 and R 2 , with subsequent reflected components continuing in this 
maimer until the light ray within the material (i.e. the power of the last reflected 
component) has completely attenuated. 

The division of light ray L into components may be quantified by the 
reflectance and the transmittance of the light ray L by gemstone UQ the former 

30 being indicative of the extent of light intensity reflected at the boundary points (i.e. 
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irradiance of components T 0 , R h R 2 , etc.) and the latter being indicative of the 
extent of light intensity refracted at the boundary points (i.e. irradiance of 
components Ro, Ti, T 2 , etc.). The intensity of the reflected and transmitted 
components may be determined by energy conservation, which dictates that the 
5 irradiance of a ray or component thereof impinging at any boundary point is the 
sum of the irradiances of the resulting reflected and refracted components emerging 
from that point. 

Thus, calculations of the transmittance and the reflectance of an object for 
light with known characteristic may be performed based on the indexes of 

10 refraction ni and n^ and the angles of reflection and refraction connected with the 
object's geometry. For a multitude of initially incident light rays of non-polarized 
light, the reflected and transmitted light is typically split into parallel and 
perpendicular components, the exact equations for which are known in the art. It 
may often be assumed, for the purpose of calculations, that incident non-polarized 

15 light contains an equal distribution of all polarizations, in which, case the reflected 
parallel and perpendicular components, as well as the transmitted ones, may be 
averaged to arrive at a single value therefor. 

The attenuation of the irradiance of the light within an object due to 
absorption of the light energy by the object's material, as the light passes 

20 therethrough, depends on an absorption coefficient of the object's material and on 
the object's geometry. Thus, it is known in the art that as a light ray having a 
wavelength X progresses through any material from an initial point xo (e.g. one of 
the boundary points p b p 2 , etc.) to another point x within the material, its irradiance 
power I will be reduced exponentially according to the following: 

25 I(x) = I 0 e- aAx 

where Ax is the distance between x and xo, and a is the absorption coefficient for 
light of wavelength A., which is characteristic of the material medium. 



-5- 

In view of the above, if the attenuation of the irradiance of the light within 
the object is known, as well as the object's geometry, the material's absorption 
coefficient can be determined, and vice versa. 

In accordance with the method of the present invention, the transmittance 

5 (color) and geometry of the uncut gemstone UG can be measured, the reflectance of 
the same gemstone may be calculated based on the measured geometry, the 
attenuation of light in the gemstone may be determined based on the measured 
transmittance and calculated reflectance and, consequently, the absorption 
coefficient a of the gemstone' s material may be deduced. 

10 In other words, the method of the present invention is based on the 

realization that there exist in a gemstone three parameters, namely transmittance 
(color), geometry and absorption coefficient such that, if two of the parameters can 
be measured or determined otherwise, the third one may be deduced based on 
calculations relating to the behavior of light in the gemstone. For the sake of 

15 convenience, the three parameters will hereinafter be referred to as 'color-related 
parameters'. 

Hence, in accordance with the present invention, it is suggested that a 
three-dimensional map of the uncut gemstone UG be generated by which the 
necessary geometrical parameters (e.g. angles, distances) may be measured or 

20 calculated. In addition, the transmittance (i.e. color) of the gemstone is determined 
by a spectral measurement device in which a white light beam of known spectra is 
projected onto the gemstone UG at a predetermined boundary point and angle of 
incidence. Based on the mapping and transmittance data, which characterizes two 
color-related parameters of the gemstone, the reflectance and absorption of the light 

25 in the uncut gemstone may be calculated, and using the mapping and the absorption 
data, the third color-related parameter, i.e. the absorption coefficient a of the uncut 
gemstone, may be deduced. The term "absorption coefficient" in this case means a 
series of such coefficients for a range of wavelengths at which the transmittance of 
the uncut gemstone has been measured. To simplify quantification of the 

3o attenuation, it is preferable that the index of refraction n 2 of the surrounding 
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medium be near unity (e.g. the surroundings being evacuated or occupied by air) so 
that it does not participate in absorption of the light energy. 

In accordance with the method, of the present invention, the proposed 
geometry, by which the cut gemstone is to be cut from the uncut gemstone UG, is 

5 chosen based on a map generated in a manner similar to that in which the mapped 
geometry of the uncut gemstone was measured. Since the cut gemstone will be cut 
from the uncut gemstone, it will be of the same material and will therefore have the 
same absorption coefficient a deduced for the uncut gemstone as described above. 
With the proposed geometry and the absorption coefficient of the cut gemstone 

10 (two color-related parameters) being known, calculations may again be performed 
based on the physical principles governing the light behavior described above to 
arrive at the expected absorption and reflectance, and consequently at the expected 
transmittance (third color-related parameter), which characterizes the predicted 
color of the chosen cut gemstone. Data acquisition in the method of the present 

is invention may be performed by any suitable apparatus known in the art, such as an 
image capture device for mapping the geometry of the uncut gemstone and a 
colorimeter for detennining the color thereof. Alternatively, a single device may be 
employed for mapping and determining the color of the uncut gemstone. Such a 
device may include a processor for performing the necessary calculations for 

20 deducing the absorption coefficient and the color of the cut gemstone. Such a 
processor may be in the form of a computer for controlling the mapping and color 
determination in addition to performing the calculations. The computer may include 
a monitor for displaying results of measurements and calculations such as the map 
of the uncut gemstone, a range of proposed geometries of the cut gemstone from 

25 among which one geometry is to be chosen, the graph of the transmittance of both 
the uncut and cut gemstone, and the color that the transmittance graph represents, 
which may be as a grade on any predetermined scale (e.g. the D to Z scale, 
particularly when the color is of a yellow trend). The computer may also include 
data entry means adapted to allow a user to direct the method including mapping, 

30 color determination, and entry of the choice of the proposed geometry as well as 



display of results of measurements and calculations. Furthermore, the computer 
may include a mapping program, as known in the art, for calculating a multitude of 
possible geometries according to which the gemstone may be cut from the mapped 
uncut gemstone and deterrnining that having the largest size and/or otherwise most 
desirable geometry therefrom. The computer may also include a program for 
directing one or more of the steps of the method of the present invention to 
determine the color of a plurality of proposed geometries and determine that which 
would yield the most desirable color. Thus, the computer may be adapted to arrive 
at and indicate a plurality of options by which the gemstone may be cut, each with 
its own geometry and color. Furthermore, the computer may be adapted to perform 
an optimization of such defined criteria and to thereby determine the option 
constituting the most valuable cut gemstone that may be cut, in terms of both 
geometry and color. 

The method of the present invention may be performed by a computer 
program having an algorithm adapted to enable a computer to control the necessary 
components thereof and devices coupled thereto so as to perform the steps of the 
method. The computer program may be carried in the form of a diskette, CD, or 
any other such media. Thus, the present invention also suggests a carrier including 
an algorithm for performing the method according to the present invention. 

The present invention further suggests a gemstone color prediction system 
for predicting a first color of a gemstone to be cut, to have a first geometry, from an 
uncut gemstone having a second color "and a second geometry, the system 
comprising: 

(i) a gemstone-mapping device for measuring said second geometry of the 
uncut gemstone; 

(ii) a spectral measurement device for measuring said second color of the 
second gemstone; . 

(iii) . a processor adapted to determine an. absorption coefficient of the uncut 
gemstone's material, based on data from said gemstone-mapping and said spectral 
measurement devices, using calculations relating to behavior of light in said uncut 
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gemstone, the processor being further adapted to deduce said first color based on 
said first geometry and the deduced coefficient, using calculations relating to 
behavior of light in said cut. 

In addition, the present invention suggests a method of deducing an 
5 absorption coefficient for an object having a geometry and a color including: 

measuring said geometry of the object; 

measuring said color of the object; and 

deducing the absorption coefficient based on the data from the preceding 
steps and calculations relating to behavior of light in said object. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in 
practice, one embodiment will now be described, by way of non-limiting example 
only, with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic cross-sectional view of an uncut gemstone (UG) and a 
15 cut gemstone (CG) to be obtained therefrom, shown for the purpose of illustrating 
the physical principles underlying the method and system of the present invention; 

Fig. 2 is a schematic representation of the system according to the present 
invention; 

Fig. 3 shows a computer-generated display of ray-traces performed for use 
20 in the method according to the present invention; 

Fig. 4 shows a computer-generated display of a measured transmittance of 
an uncut gemstone and predicted transmittance of a cut gemstone obtained by the 
method according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

25 Fig. 2 shows schematically a gemstone color prediction system 2 in 

accordance with the present invention, in which the color prediction is performed in 
view of three color-related parameters of a gemstone, which are transmittance 
(color), geometry and absorption coefficient. 

01440197X8-01 
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The system 2 comprises a processor in the form of a computer 4, a standard 
monitor 6, mouse 8, and keyboard 10 coupled thereto. The system 2 further 
comprises an image capture gemstone-mapping device 12 such known as 
"DiaExpert™" manufactured by Sarin Technologies Ltd, Ramat Gan, Israel. The 

5 device 12 is adapted to develop a three-dimensional map of a gemstone placed 
therein with the aid of the processor, which is operating with DiaExpert™, a 
gemstone-mapping computer program developed also by Sarin Technologies Ltd. 
Other suitable such programs include DiaMension™, all of Sarin Technologies Ltd. 
The system also comprises a colorimeter 14 such known as "DC3000" by Sarin 

10 Technologies Ltd adapted to project a beam of white daylight-like light, having a 
range Ak of component wavelengths, onto a gemstone placed therein and to 
subsequently measure the transmittance of the light through the gemstone's 
material. The mapping device 12 and the colorimeter 14 are also coupled to the 
computer 4. The computer is further provided with a program designed to define, 

15 based on two color-related parameters of a gemstone, a third color-related 
parameter thereof by means of calculations relating to light behavior in the 
gemstone as described above. 

In operation, an uncut gemstone (not shown) is placed within the mapping 
device 12, which scans the gemstone and a three-dimensional map of the gemstone 

20 is developed by DiaExpert and subsequently saved by the computer 4. As shown 
in Fig. 3, DiaExpert™ also allows the mapped uncut gemstone 20 to be displayed 
on the monitor 6 for viewing. The colorimeter 14 is then calibrated by measuring 
the spectral distribution of power of the beam while it is still empty (i.e. the power 
of the beam transmitted through the air therein). The uncut gemstone is then 

25 removed from the mapping device 12 and placed into the colorimeter 14, and the 
beam is projected onto the gemstone at a boundary point and angle of incidence 
coordinated with the gemstone's map. The ratio between the measured spectral 
distribution of power transmitted through the gemstone and the spectral distribution 
of power through the air measured at calibration is known as the "spectral 

30 transmittance of the stone", which has herein been designated as simply 
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the transmittance. The measurement and calculation of the transmittance is saved 
by the computer 4. 

As shown in Fig. 3, the computer 4 proceeds to calculate the behavior of 
light in the uncut gemstone including tracing and, possibly, displaying on the 

5 monitor 6 a calculated path 22 along which a monochromatic ray of light would 
travel when incident on the uncut gemstone at the same locations and incident 
angles at which the beam was incident on the gemstone in the colorimeter 4 during 
measurement. The calculations are performed based on the physical principles 
described above incorporating the reflection, refraction, and attenuation of the ray 

io and using the predetermined values and measured data including the uncut 
gemstone map 20 and the uncut gemstone's transmittance. The computer 4 then 
proceeds to deduce a dependency look up table where each of incrementally 
increasing values of transmittance is matched with a calculated absorption 
coefficient. 

15 Reverting to Fig. 3, the computer 4 uses DiaExpert™ to proceed to generate 

a range of proposed geometries for a cut gemstone that may be cut from the 
mapped uncut gemstone 20. By use of the mouse 8 and/or keyboard 10, a single 
proposed geometry is chosen from the range, and a virtual map 24 of the allocated 
cut gemstone is displayed on the monitor 6. 

20 As was done for the uncut gemstone, the computer 4 proceeds to calculate 

the expected behavior of light in the cut gemstone including tracing and displaying 
on the monitor 6 a calculated path 22 along which a monochromatic ray of light 
would travel when incident on the allocated cut gemstone. This tracing uses the 
same incident point and angle range as later may be projected by colorimeter when 

25 measuring the cut gemstone. Since the material of both the uncut and cut gemstones 
is identical, the absorption coefficient a for each transmittance in the cut gemstone, 
is now known. Also, the geometry of the cut gemstone has been chosen and the 
geometrical parameters have also been calculated based thereon. Therefore, the 
only unknown color-related parameter is the transmittance of the cut gemstone, 
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which the computer 4 proceeds to deduce based on the series of absorption 
coefficients a found for the uncut gemstone. 

The overall calculation algorithm is thus based on a dependency of 
transmittance of the cut stone on transmittance values measured on the uncut 

5 gemstone and the expected geometry of the cut stone. Using this dependency, the 
spectral transmittance of the uncut gemstone is converted to the spectral 
transmittance for the cut stone. The graphs of the transmittance for the gemstones 
with respect to wavelength over the range may be displayed on the monitor 6 
separately or together for comparison, as shown, for example, in Fig. 4, where the 

10 measured transmittance of the uncut gemstone (UG) is shown with a solid line and 
the deduced transmittance of the allocated cut gemstone (CG) with a dashed line. 
Using the new, predicted transmittance for the cut gemstone, the computer 4 may 
translate the deduced transmittance into the color prediction for the allocated cut 
gemstone. The predicted color, based on the new spectral transmittance of the cut 

15 gemstone, may be indicated on the monitor 6 (by its grade according to any 
predetermined scale (e.g. the D to Z scale ). 

It should be understood that the above-described embodiment is only an 
example of the method and system for predicting the color of a cut gemstone in 
accordance with the present invention and that the scope of the present invention 

20 fully encompasses other embodiments and applications that may become obvious to 
those skilled in the art. For example, the system described above may have 
additional devices such as, e.g. a marking or polishing apparatus, grading apparatus 
for cut, clarity or color grading for performing additional such operations on the 
uncut gemstone, or a grading device for assessing the color, clarity, and cut grading 

25 of the gemstone. Furthermore, the method may be performed and the system 
embodied in a single apparatus capable of performing all the functions according to 
the present invention, or alternatively as a plurality of communicating devices, each 
adapted to perform or constitute a portion thereof. 
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CLAIMS: 

1. A method of predicting a first color of a gemstone to be cut, to have a first 
geometry, from an uncut gemstone having a second color and a second geometry 
including: 

5 (i) determining an absorption coefficient of the uncut gemstone's material 
based on said second color and second geometry of the uncut gemstone, 
using calculations relating to behavior of light in said uncut gemstone; and 
(ii) deducing said first color of the cut gemstone based on the absorption 
coefficient determined in step (i), and on said first geometry, using 

10 calculations relating to the behavior of light in said cut gemstone. 

2. A method according to Claim 1, wherein said first and second colors are 
defined by transmittance. 

15 3. A method according to Claim 1, wherein said second geometry is obtained 
by generating a measured map of the uncut gemstone and said first geometry is 
obtained by generating a calculated map of the cut gemstone. 

4. A method according to Claim 1 , wherein said first geometry is chosen from 
20 among a range of possible proposed geometries. 

5. A method according to Claim 4, further including: 

defining criteria for an optimal first geometry from said range based on 
, said first color; and 
25 - choosing the first geometry from said range based on said criteria. 

6. A method according to Claim 1, wheroin said second geometry is obtained 
using a laser gemstone-mapping device. 



7. A method according to Claim 1, wherein said second color is obtained by 
using a spectral measurement device. 

8. A method according to Claim 7, wherein said spectral measuring device is 
a colorimeter. 

9. A method according to Claim 1, performed by a processor. 

10. A method according to any of Claims 1-10, wherein said deduced first 
color is provided as a grade in accordance with a predetermined scale. 

11. A carrier including a program for performing the method of any one of 
Claims 1-10. 



12. A gemstone color prediction system for predicting a first color of a 
gemstone to be cut, to have a first geometry, from an uncut gemstone having a 
second color and a second geometry, the system comprising: 

(i) a gemstone-mapping device for measuring said second geometry of the 
uncut gemstone; 

(ii) a spectral measurement device for measuring said second color of the 
second gemstone; and 

(iii) a processor adapted to determine an absorption coefficient of the uncut 
gemstone's material based on data from said gemstone-mapping and said spectral 
measurement devices, and on calculations relating to behavior of light in said uncut 
gemstone, the processor being further adapted to deduce said first color based on 
said first geometry, the deduced coefficient and calculations relating to behavior of 
light in said cut gemstone. 

13. A gemstone color prediction system according to Claim 12, wherein said 
first and second colors are defined by transmittance. 
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^ 14. A gemstone color prediction system according to Claim 12, wherein said 

processor is further adapted to obtain said first geometry generating a calculated 
map of the cut gemstone. 

5 15. A gemstone color prediction system according to Claim 12, wherein said 
processor is further adapted to provide a range of possible proposed geometries 
from which said first geometry is chosen. 

16. A gemstone color prediction system according to Claim 15, wherein the 
10 processor is further adapted to provide an optimal first geometry for choosing from 

said range in accordance with defined criteria based on said first color. 

17. A gemstone color prediction system according to Claim 15, wherein the 
processor is further adapted to provide said deduced first color as a grade in 

1 5 accordance with a predetermined scale. 

18. A gemstone color prediction system according to Claim 15, wherein said 
gemstone-mapping device is adapted to map using a laser. 

20 19. A gemstone color prediction system according to Claim 18, wherein said 
gemstone-mapping device is a Sarin DiaExpert™. 

20. A gemstone color prediction system according to Claim 18, wherein the 



processor 



utilizes one of the following programs: DiaExpert™, DiaMension 



25 



21. A method of deducing an absorption coefficient for an object having a 
geometry and color including: 

(i) measuring said geometry of the object; . 

(ii) measuring said color of the object; and 
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(iii) deducing the absorption coefficient, based on the data from the preceding 
steps and calculations relating to behavior of light in said object. 

22. A method according to Claim 21, wherein said color is defined by 
5 transmittance. 

23. A method according to Claim 21, wherein said geometry is obtained by 
generating a map of the object. 

10 24. A method according to Claim 21, wherein said second geometry is 
obtained using a laser gemstone-mapping device. 

25. A method according to Claim 21, wherein said second color is obtained by 
using a spectral measurement device. 

15 

26. A method according to Claim 25, wherein said spectral measuring device is 
a colorimeter. 

27. A method according to Claim 21, wherein said step (Hi) is performed by a 
20 processor. 

28. A carrier including a program for 'performing the method of any one of 
Claims 21-27. 

25 29, A system adapted to perform the method according to any of Claims 21-27. 

For the Applicants, 

REINHOLD COHN AND PARTNERS 

By: 
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